Molecular-bred Coprinus cinereus monokaryotic strains with high lignin-and xylan-degrading activities were mixed-cultured at 279 C in the liquid medium containing 0.5%(w W v) cut rice straw and 0.025% MnCl 2 . After 3 weeks, the culture supernatant was extensively treated with crude cellulase, showing the presence in it of 9.3% of the total cellulose of rice straw. When rice straw treated with 0.1 N NaOH or cultured with Ganoderma applanatum were used, the recoveries of the cellulose increased up to 29%. The same experiments were done by using a non-bred control strain, showing the recoveries of the cellulose from the treated or cultured rice straw to be 8%.
Plant biomass i.e., lignocellulose, is the most abundant renewable organic resource on earth. Lignocellulosic residues themselves are not high-value materials. However, if we can develop biological methods for the isolation of cellulose, which is convertible into ethanol by fermentation, from waste plant biomass, it is meaningful and remarkable from the point of view of obtaining a source of energy. In order to isolate cellulose from plant biomass, of which major components are cellulose, hemicellulose, and lignin, it is required to eliminate lignin and hydrolyze hemicellulose. White-rot basidiomycete fungi are known to be the only organisms which can degrade lignin, an intractable polymer. They can also hydrolyze hemicelluloses such as xylan. However the productions of lignin-degrading enzymes such as manganese peroxidase (designated MnP) and lignin peroxidase (LiP), and xylan-hydrolyzing enzymes such as endo ( b-1,4-) D-xylanase are all inducible. Therefore the constitutive and high level production of these enzymes in basidiomycete fungi is important for e‹cient use of lignocellulosic residues.
So far we have succeeded in production of the molecular-genetically improved basidiomycete mushroom Coprinus cinereus ( Nenaganohitoyotake) strains which constitutively produce large amounts of lignin-and xylan-degrading enzymes under various conditions of liquid culture [1] [2] [3] as follows. Pleurotus ostreatus ( Hiratake) manganese (II) peroxidase (MnP) cDNA (named mnpc) 4) was inserted into the chromosome-integrating vector pLC2, 1) yielding pLC2-mnp. It was introduced into the monokaryotic C. cinereus LT2-44 (trp1-1, 1-6) genome by cotransforming with pCc1001 carrying the C. cinereus TRP1 gene. 4) One Trp + Mnp + transformant (named CcTF2-7(PoMnP)) carried about 10 copies of the mnpc on its chromosome(s) and showed very high lignin-decolarization and -degradation activities; at the time of cultivation when only 35z-45z of lignin was decolored and degraded by the control Trp + transformant obtained by the introduction of pCc1001 alone, almost all the lignin was decolored and degraded by CcTF2-7(PoMnP). 1, 2) The signal sequence of the Bacillus subtilis endo ( b-1,4-) D-xylanase gene ( xyn) was replaced by that of P. ostreatus mnpc. The resulting modiˆed xyn sequence (named xyn?) was inserted into pLC2, yielding pLC2-xyn?. By introduction of this plasmid into LT2-44 together with pCc1001, one Trp + Xyn + transfomant (named CcTF2-11(BsXyn)) carried more than 10 copies of the xyn? sequence on its chromosome(s) and showed a signiˆcantly high xylandegrading activity; CcTF2-11(BsXyn) cultured for 18 days produced nine times as much xylanase as that of the control Trp + transfomant.
2,3)
To examine the usefulness of the molecular-bred C. cinereus strains to isolate cellulose from waste plant biomass, weˆrst tested the growth of CcTF2- All the values are means of data from three independent experiment±S.E.M. and indicated by percentage of cellulose recovered from the rice straw. The total cellulose contained in the rice straw was taken as 100z. For more details, refer to text.
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7(PoMnP) and CcTF2-11(BsXyn) on solid media containing rice straw, sawdust of beech wood, and fallen leaves as a waste plant biomass, revealing that rice straw is the most suitable source for culture media (data not shown). A control Trp + strain also grew well on rice straw. Dried rice straw cut into 5-mm lengths were added to 25 ml of 0.025z MnCl2 solution in a 100-ml ‰ask to give aˆnal concentration of 0.5z (w W v) and the resulting medium was used for a mixed cultivation of the molecular-bred strains (see Fig. 1 ).
Twenty-ˆve ml of culture medium was inoculated with three each of disks (6 mm in diameter and 1 mm in thickness) of the MYG (1z malt extract, 0.4z yeast extract, 0.4z glucose) W agar growing of CcTF2-7(PoMnP) and CcTF2-11(BsXyn) and cultivated for 1, 2, and 3 weeks at 279 C with shaking. Triplicate ‰asks were prepared for each of the cultivation times, and used. For the cultivation of the control Trp + strain, six disks of the mycelia-growing MYG W agar were inoculated and cultivated. After 1, 2, and 3 weeks, the cultures were centrifuged at 15,000 rpm for 10 min at room temperature in SAKUMA M515 rotor, the resulting culture supernatants were dialyzed overnight against 50 mM sodium citrate (pH 6.2) using a dialysis membrane, size 20 (WAKO Chemicals, Tokyo) to remove a low molecular weight substance (see Fig. 1 ). The remaining culture supernatants were extensively treated with the crude cellulase preparation of Cellulase ONOZUKA R-10 (YAKULT HONSHA Co.) that can convert cellulose to glucose with more than 95z e‹ciency. To 50 ml of the dialyzed culture supernatant, 50 ml (¿35 units) of Cellulase ONOZUKA R-10 was added and then incubated at 379 C for 16 h. One unit of cellulase activity was dened as the amount of enzymes that produced a reducing sugar equivalent to 1 mmol of glucose under these conditions. To the reaction mixtures, 200 ml of 3,5-dinitrosalicilic acid (DNS) reagent was added and boiled for 5 min, followed by rapid cooling and centrifuging. The resulting supernatants were measured for the in absorbance at 500 nm. The percentage of the total cellulose contained in rice straw was estimated as follows. The holocellulose fraction (cellulose+hemicellulose) was obtained from the rice straw used for this study by the Klason method. 5) This holocellulose was digested extensively with Cellulase ONOZUKA R-10 and the amount of glucose was measured for the digest, estimating the percentage of total cellulose contained in the rice straw to be 40z.
The results, summarized in Table 1 , showed that the culture supernatants obtained from the mixed cultivation of CcTF2-7(PoMnP) and CcTF2-11(BsXyn) for 1, 2, and 3 weeks contained the nonprecipitable forms of cellulose of which total amounts corresponded to 5.4(±0.6)z, 7.1(±0.5)z, and 9.3(±0.5)z, respectively, of the total cellulose contained in the rice straw. On the other hand, the culture supernatants obtained from the cultivation of the control Trp + strain for 1, 2, and 3 weeks contained 2.5(±0.3)z, 2.9(±0.5)z, and 4.3(±0.3)z, respectively, of the total cellulose. Analysis of the exact growth rates of the two coexisting molecular-bred strains and the control Trp + strain was not easy because they grew sticking to the rice straw and were embedded in them. The mycelial cells and rice straw could not be separated from each other. Thus we measured the total dry weight of mycelial cells and rice straw after 2-or 3-week cultivation, suggesting that the growth rates of the two coexisting molecularbred strains and the control Trp + strain were similar. The same experiments were done using two kinds of rice straw: one is those treated with 0.1 N NaOH at room temperature for 2 h and the other is those cultured by growing Ganoderma applanatum ( Kofuki-Sarunokoshikake) at 279 C for 1 week. We tested the growth on W in rice straw of other mushrooms such as P. ostreatus and Coriolus hirsutus ( Aragekawaratake). The latter didn't grow well on the rice straw and the former did grow mostly on their surface. Thus we used G. applanatum for the experiments because it did grow also in rice straw. Both types of treatments of rice straw increased the recovery of cellulose in the culture supernatants. The growth rates of the two coexisting molecular-bred strains and the control Trp + strain were similar, judging from the date obtained by the aforementioned method. In the case of the NaOH-treated rice straw, 29(±2.2)z of the total cellulose was recovered by the 3 weeks mixed cultivation of CcTF2-7(PoMnP) and CcTF2-11(BsXyn), while only 8.6(±0.8)z of the total cellulose was recovered by 3 weeks of cultivation of the control Trp + strain. In the case of G. applanatum-grown rice straw, 29(±1.1)z was recovered using the molecular-bred strains and only 7.5(±0.7)z was recovered using the control strain.
We have succeeded in the isolation of approx. 30z of the total cellulose from rice straw, one of the most popular waste plant biomasses, by using moleculargenetically bred C. cinereus strains together with an other mushroom, G. applanatum. This indicates the success in the conversion of approx. 12z of total weight of rice straw into non-precipitable forms of cellulose. This is meaningful and interesting from point of view of obtaining a source of energy from waste material and recycling of natural resources.
